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LONG-TERM GOALS

A Front-Resolving Observational Network with Telemetry (FRONT) is being developed for a region of
the coastal ocean. The long term goal is to demonstrate and evaluate an easily deployed, easily
serviced, and cost-effective observation system.

OBJECTIVES

The specific objectives of the AUV-based turbulence characterization component of this research are to
contribute to the evaluation the overall performance of the observation system in this challenging
environment. We will provide the microstructure scale comparison with assimilated data products, as
part of results from a series of ship surveys designed to resolve multiple scales of variability.

APPROACH

The FRONT system includes data-assimilative models that will mitigate the impact of sampling error
by producing dynamically consistent maps from the data. Furthermore, real-time coordination of the
diverse range of physical and biological data will allow forecasting. Data telemetry and instrument
control for the bottom-mounted instrument array employs a wireless acoustic communications network
with redundant data paths. The demonstration site lies in a region of strongly varying bathymetry on
the shelf near Long Island Sound (Fig. 1). Tides and energetic wind- and buoyancy-forced motions
combine to produce a complex flow field. Satellite measurements of surface temperature and color
show recurrent front-like features at the FRONT site (Ullman and Cornillon, 1999). To evaluate the
observation system fidelity, we will compare model results to observational results on multiple scales
from microstructure through the mesoscale.



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 1999 2. REPORT TYPE 00-00-1999 to 00-00-1999
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Front Resolving Observational Network with Telemetry: Turbulence
Characterization from an AUV

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Under sea Warfare Center, Division Newport,Code REPORT NUMBER
8211,Newport,RI1,02841

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Sa_me as 5
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



ADCP ol
ADCP and Profiling CTD § | Vi
Acoustic Modem Repeater @ !
Coas Guard Buoy g & l\i
I

B) CODAR range circles
with Jul {blue) and
Jan{violet) SST fronts

a1 g

A) Chlorophyl concentrations
{orange-high, blue-low),with
SST fronts { 10/6/97)

AW ' = BT

Fig 1. The FRONT observational network

For the turbulence measurements, my approach is to integrate an optimum turbulence sensor suite into
a small, logistically simple, AUV. A turbulence sensor package was electrically and mechanically
integrated into the REMUS AUV (Levine et al, 1999) (Fig. 2). Sensors include two shear probes, an
ultra-fast thermistor, an upward and downward looking ADCP, two CTDs, and an ADV-O. Towards
this end, I obtain horizontals profiles of dissipation rate, temperature microstructure, 3-dimensional
small scale velocity, larger scale vertical shear of horizontal current, and stratification in the coastal
environment. The sensors provided data for estimates of eddy diffusivity profile (Gargett and Moum
(1995), eddy viscosity profile (using the truncated TKE equation), bulk and gradient Richardson
numbers, and fluxes [using the correlation technique]. In addition, our data will be compared with
simultaneous towed data from the Microsoar conductivity probe. These data enable us to evaluate
subgrid mixing processes in the coastal circulation version of the MITgcm model (Marshal et al, 1997)
being adapted for the FRONT region



Fig 2. The REMUS AUYV instrumented with turbulence sensors

WORK COMPLETED

During FY 1999, planning for the FY2000 field program and data/modeling comparison was conducted
with other FRONT P.I.’s. Analysis of data from previous experiments, is aiding in refining analysis
techniques for the new challenges of the FRONT research. Past experience with other research vessels
and test deployments from the RV UConn will aid in improving and extending our capabilities to the
more challenging environment of the FRONT experiment during multiple seasons. Initial field testing
of the turbulence measuring system will be conducted during the FRONT1 period during fall 1999.

RESULTS

In previous experiments, results indicate that the modified REMUS AUV was a viable platform for
turbulence data acquisition in the coastal ocean (Levine et al, 1999). For example, the shear probe data
are processed to remove noise associated with vehicle vibrations. This process is done using data from
accelerometers located in the probe pressure case directly behind the probe mounts, utilizing the
techniques of Levine and Lueck (1999). Consistently, comparisons of computed autospectra agree
well with the Nasmyth “universal spectrum” (Oakey, 1982) out to wavenumbers close to the physical
size of the sensing tip of the shear probes.



IMPACT/APPLICATION

The AUV-based turbulence measurements provide a unique horizontal profiling view of the variability
of the mixing environment that cannot be obtained by more conventionally sampling measurements,
and this approach can be further exploited in yo-yoed horizontal sections. These techniques will be
invaluable in frontal process studies utilizing the coastal version of the MITgcm model.

TRANSITIONS

Our AUV sensor technologies, hardware and software, are being considered for inclusion as tactical
oceanography payloads for the Manta UUV Initiative.

RELATED PROJECTS

My AUV-based turbulence measurement system is also being utilized in NOPP/ONR studies with the
Rutgers University led LEO-15 and Harvard University led LOOPS projects.
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